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Electric double-layer capacitors (EDLCs) have received considerable attention as energy 19 storage/conversion devices because they exhibit high power density, long cycling life, a 20 high charge/discharge capability and are environmentally friendly [1] [2] [3] [4] [5] . Supercapacitors 21 are similar in design and manufacture to batteries, but in contrast to them, where the cycle 22 life is limited because of the repeated contraction and expansion of the electrode upon 23 cycling, EDLC lifetime is in principle infinite, as it operates solely on electrostatic surface 24 charge accumulation, without any noticeable performance change [6, 7] . Thus, EDLCs are 25 well suited as backup sources due to their low cost and maintenance-free operation. 26
Supercapacitors have gained considerable interest in different fields such as 27 transportation (electric vehicles), industrial (uninterruptible power sources), digital 28 communications system (cell phones), and others [8] . 29 The capacitance of a supercapacitor is largely dependent on the characteristics of the 30 electrode material. The science and technology of supercapacitors has been reviewed for a 31 number of electrode materials, including carbon, mixed metal oxides, and conducting 32 polymers [9] . More work has been done using porous carbons than with any other 33 material and most of the commercially available devices use carbon electrodes. They have 34 desirable physical and chemical properties, including variety of available forms (powders, 35 fibers, aerogels, composites, monoliths, nanotubes, etc.), ease of processing, controllable 36 porosity, stability in different solutions (from strongly acidic to basic) and ability to 37 perform in a wide range of temperatures [9, 10] . The factors that dictate the selection of 38 carbon materials for electrodes include high surface area and high electrical conductivity, 39 but also interconnected pore structure, controlled pore size matching to that of the 40 electrolyte ions, good wettability towards the electrolyte and the presence of 41 electrochemically stable surface functionalities [11, 12] . The ELDC capacitance arises from 42 the charge separation at the electrode and electrolyte interface, and porous carbonaceous 43 structures can increase the effective contact area between the electrode and electrolyte. 44
The storage charge can be limited in some conventional carbons because they contain an 45 abundant proportion of micropores (pore size < 2nm) that are not easily accessible to ions 46 of the electrolyte. Carbons containing interconnected mesopores (2-50 nm) are desirable 47 for ELDCs electrodes, but meso/micro porosity must exist because if only mesopores arecarbon [13] . 50
Most porous carbon materials have the disadvantage of needing binders or additives 51 which can block part of the porosity of the carbon. The possibility of using activated 52 carbon materials without a binding substance gives an additional benefit from the 53 construction point of view. Monolithic porous carbons with large surface area have long 54 been used as electrode in supercapacitors and demonstrated to be ideal candidates due to 55 their relatively low cost, good electronic conductivity, high surface area and availability [1, 56 14, 15] . 57
The design of novel structures by mimicking the cellular tissue anatomy of natural 58 biostructures has become a matter of increasing interest [16] [17] [18] . Recent examples in the 59 field of energy storage include the use of biomass waste such as banana peel [19] or 60 naturally abundant algae [20] as templates for the synthesis of functionalized carbon 61 structures. In the past, we have employed these porous carbon materials that replicate the 62 microstructure of the natural wood as scaffolds towards the synthesis of carbide ceramics 63 [21, 22] . Carbon obtained by pyrolysis of wood presents structural disorder that prevents 64 its graphitization with a subsequent heat treatment; for instance, Pappacena et al. showed 65 that wood derived pyrolytic carbon remains essentially amorphous after exposure to 66 temperatures up to 2400ºC in vacuum [23] . For this reason, wood derived carbon is 67 considered hard or non-graphitizing. However, graphitization can be induced by using a 68 catalyst during pyrolysis, usually a transition metal [24, 25] To determine the thermodynamic characteristics of the graphitization process, 110 thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were 111 carried out using a dual beam thermobalance (Thermal Advantage SDT-600) which 112 monitored the weight loss and the heat flow in-situ during the pyrolysis, both for treated 113 and untreated wood precursors. Measurements were performed in nitrogen flow using a 114 20 °C/min heating rate up to 1400ºC. 115
Residual amounts of hydrogen and nitrogen were determined in a fast combustion furnace 116 using pure oxygen (LECO-CHNS 932), while residual Fe content was measured by ICP-OES 117 (Horiba Ultima 2). Oxygen content was determined by x-ray fluorescence spectroscopy 118 (PANalytical AXIOS). 119
Samples were studied to determine the effect of the catalytic treatment and the maximum 120 pyrolysis temperature on the degree of graphitization. Crystallinity was determined by X-121 ray diffraction in a powder diffractometer (A25 D8 Advance, Bruker), and the degree of 122 structural disorder in the carbon structures was evaluated by Raman spectroscopy 123 of 532 nm, in the spectral region between 1000 and 1800 cm -1 which yields the most 125 interesting structural information on carbonaceous materials [29, 30] . 126
The specific surface area of the studied carbon materials was determined by the BET 127 method based on nitrogen adsorption isotherms using a Micromeritics ASAP 2420 128
Analyzer. Samples previously cut into small pieces to feed into a glass bulb were outgassed 129 at 400ºC for 10 hours and placed in a Dewar vessel to analyze the adsorbed and desorbed 130 amount in the material at 77K in the relative pressure range of P/P0 = 0-1. 131
Bulk electrical resistivity was measured at room temperature using the four-terminal 132 sensing method. Carbons were previously cut into bars with dimensions of about (50 x 3 x 133 3) mm 3 , and current intensities from 1 to 100 mA were applied in the extremes of the bars, 134 
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After impregnation of wood in a FeCl3 solution for 2 hours, a mean dry weight increases of 156 7 ± 2 % was determined, while geometrical volume remained essentially unchanged. After 157 pyrolysis the precursor retained its original shape, while changes in weight and volume 158
were independent of the pyrolysis temperature. The average weight reduction in the 159 samples was 66 ± 2% and the volume reduction was 68 ± 6%. 160
Microstructural characterization of the obtained biocarbons was performed using SEM 161
and TEM. Table 1 . It was found that residual Fe accounted for 171 less than 0.5 % weight in the case of catalyzed samples and was almost negligible 172 (attributable to oligo-elements present in the wood precursor) in the case of untreated 173 samples. Other residual elements included hydrogen, nitrogen and oxygen (Table 1) . pyrolysis temperature increases, the relative intensity of this graphite peak increases 210 while the peak width decreases. Therefore, the sample pyrolyzed at 1000 °C shows a small 211 and broad peak which indicates the onset of the graphitization, while at 1600 °C the peak 212 is much taller and narrow indicating a higher degree of crystallinity. The relationship between the intensity of bands G and D1 increases in treated samples 225 with the increasing of the pyrolysis temperature and the width to half height (FWHM) 226 graphitic carbon in relation to amorphous carbon, as it was confirmed previously by TEM 228 analysis. In untreated samples, the relative intensity between G and D1 decreases slightly 229 with temperature. 230
The BET method is a widely used method for the determination of surface area in carbon 231 materials by physical adsorption of gas molecules [36, 37] . All studied samples were 232 previously outgassed at 400ºC for 10 hours. Table 1 The electrical resistivity of each sample was determined with a 4-point test fixture, 247 measuring the voltage at applied currents across bar specimens from 1 to 100 mA. Results 248 are shown in Table 1 . Resistivity decreases slightly in treated samples respect to untreated 249 samples at the same temperatures, because of increased crystallinity in graphitized 250 samples. The decrease in resistivity with increasing pyrolysis temperature is probably due 251 the smallest electrical resistivity at ambient temperature among all of the samples studied. 253
Catalytic mechanism
254
The complex process of catalytic graphitization by transition metals is not completely 255 understood yet, despite intense research activity [35, 38, 39] . The most widely accepted 256 mechanism involves the formation of near eutectic liquid droplets of FexCy, the exact 257 composition of which is still being debated but suggested to be around 50% atom., which 258
is an anomalously supersaturated solution [39, 40] . These droplets dissolve amorphous 259 domains from the carbon matrix, which precipitate as more ordered graphitic structures 260 due to the associated reduction in free energy, as depicted schematically in Figure 7 and 1600 ºC respectively (a value of = 1 being the case of an ideal porous electrode 300 with no frequency dispersion), confirming that the best performance is achieved at the 301 lowest pyrolysis temperature used in this work. Figure 9 (a-c) shows cyclic voltammograms at different scan rates for treated samplespyrolyzed at 1000, 1300 and 1600ºC. The shape of the curves appears close to rectangular, 304 consistent with previous results and suggesting an EDLC mechanism. The specific 305 capacitance (F · g -1 ) of the carbon as electrode was calculated from integration of the CV 306 curves. Table 1 summarizes the values of specific capacitances of samples studied. 307
Treated carbons show a greater capacitance than untreated carbons, as it can be observed 308 in Figure 9(d) , indicating a strong improvement in the specific capacitance with the 309 graphitization treatment, due to the enhancement in surface areas in the structure of 310 carbons. Figure 9 (e) shows the variation of specific capacitance with power density in all 311 samples studied, and contains capacitance data obtained in both GCD and CV experiments. 312
The specific capacitance of the treated-Fe carbon pyrolyzed at 1000ºC reaches 95 F·g -1 at a 313 scan rate of 1 mV·s -1 . This value decreases to 40 F·g -1 when the scan rate is increased from 314 1 to 30 mV·s -1 , maybe due to that some parts of the surface of the electrode being 315 inaccessible at rapid charging-discharging rates [11] . In static charge-discharge 316 experiments maximum capacitances at 20 mA·g -1 for treated samples were 133 F·g -1 (1000 317 ºC), 34 F·g -1 (1300 ºC) and 24 F·g -1 (1600 ºC). 318
Since high cycling stability is essential for such devices, a study of the long cycling life of 319 the material is crucial for its practical application in supercapacitors. A cycling life test 320 over 1000 cycles for Fe-treated carbon electrodes pyrolyzed at 1000ºC was carried out. 321
The capacitance retention as a function of cycle number is showed in Figure 9 
